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© A floating type brake disc assembly (1) has a 
hub (2) and an annular disc (3) which is concen- 
trically disposed around the hub (2). The hub (2) and 
the disc (3) have plural sets of connecting dents (6, 
7) each set being opposingly provided in a connect- 
ing portion of the hub (2) and the disc (3). A hollow 
pin (8) which has a flange (10) on one end is 
inserted into each set of the connecting dents (6, 7) 
such that the hub (2) and the disc (3) are connected 
together while allowing for a slight floating move- 
ment between the two members. The hollow pin (8) 
has a thick-wall tube portion (11) which lies next to 
the flange (10) and is adapted to be inserted into 
each set of the connecting dents (6, 7) and a thin- 
wall tube portion (12) which has an outer diameter 
smaller than that of the thick-wall tube portion (11) 
and is provided next to the thick-wall portion (11) 
away from the flange (10). The thin-wall tube portion 
(12) is caulked with its outer periphery (16a) bending 
towards one side surface of the connecting portion 
(5) to form a caulked flange (16) such that the outer 
periphery (16a) holds the above-described one side 
surface of the connecting portion (5). 



FIG. 3 
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TECHNICAL FIELD 

The present invention relates to a floating type 
brake disk assembly which is used for braking 
vehicles or the like and which can be thermally 
expanded freely when a disc is heated to a high 
temperature due to a friction heat at the time of 
braking. 

BACKGROUND ART 

A conventional hollow pin to be used for con- 
necting a disc to a hub in a manner slightly dis- 
placeable relative to each other in the axial direc- 
tion has the construction as shown in Japanese 
Published Unexamined Utility Model Registration 
Application 40347/1989. The construction is as 
shown in Fig. 11 in which reference mark "a" 
denotes a hub, b denotes a disc and c denotes a 
pin. The pin c has a flange d, a stepped portion e 
and a small-diameter portion f. After the pin c has 
been inserted into a pair of connecting dents or 
recesses which are provided in a connecting por- 
tion g of the hub "a" and the disc b, a coned disc 
spring h and a fixing washer i are fitted onto the 
small-diameter portion f. The coned disc spring h 
is held via the fixing washer i by a caulked portion 
f which is formed by caulking an end of the small- 
diameter portion. Both side surfaces of the hub "a" 
and of the disc b are thus held in a pinching 
manner by the coned disc spring h and the flange 
d. A torque is transmitted by the pin c and the 
clattering in the axial direction is prevented by the 
coned disc spring h. 

As the coned disc spring h, there are two types 
as described in the above-described Japanese Util- 
ity Model Registration Application. One of them is 
as shown in Fig. 12(a). The same or substantially 
the same parts are affixed with the same marks as 
used hereinabove. The coned disc spring h is of a 
simple truncated cone and is inserted or placed 
into the dents which extend over the hub "a" and 
the annular disc b. The coned disc spring h is 
further fitted onto a pin j having a stepped portion 
ji and a small-diameter portion \2 and is urged or 
pressed by a washer i which is held in position on 
the stepped portion ji by caulking. 

However, this type of construction has the fol- 
lowing disadvantage as shown in Fig. 12(b). Name- 
ly, the coned disc spring h is likely to be deviated 
or moved off the center at the time of assembling, 
and is therefore stepped onto the stepped portion 
ji . If the pin j is caulked in this condition, as shown 
in Fig. 12(c), the coned disc spring h may contact 
the hub "a" but not the disc b and, consequently, 
elasticity cannot be worked or operated on the disc 
b. 



The other type of coned disc spring k is pro- 
vided, as shown in Fig. 13, with a bottom portion 
(or a top portion as seen in Figure) ki having a 
central hole. The central hole is fitted into the 

5 small-diameter portion of the pin j. According to 
this construction, there is no possibility that the 
coned disc spring k may deviate at the time of 
assembling. However, the portion k2 in the periph- 
ery of the bottom portion is subjected to repeated 

w bending and there is, therefore, a disadvantage in 
that this portion k2 is likely to be fatigued. 

The above-described brake disc assembly em- 
ploys, aside from the hub "a" and the disk portion 
b, three more parts of a pin c, j, a coned disc 

75 spring h, k and a fixing washer i. Since many pins 
are used in one brake disc assembly, the number 
of associated coned disc springs h, k and fixing 
washers i becomes large. As a result, the costs of 
parts and assembling will inevitably become ex- 

20 pensive. 

DISCLOSURE OF THE INVENTION 

In view of the above disadvantages, the 

25 present invention has an object of providing a 
floating type brake disc assembly that enables to 
decrease the number of parts. The present inven- 
tion also has another object of providing a floating 
type brake disc assembly in which it is easy to set 

30 springs such as coned disc springs in a right 
position at the time of assembling, thereby en- 
abling to apply a right set load, and in which the 
set load does not vary. 

According to one aspect of the present inven- 

35 tion, there is provided a floating type brake disc 
assembly which comprises: a hub; an annular disc 
which is concentrically disposed around the hub, 
the hub and the disc having plural sets of connect- 
ing dents each set of which is opposingly provided 

40 in a connecting portion of the hub and the disc; a 
hollow pin which has a flange on one end thereof 
and is inserted into each set of the connecting 
dents such that the hub and the disc are connected 
together while allowing for a slight floating move- 

45 ment therebetween. The hollow pin has a thick-wall 
tube portion which lies next to the flange and is 
adapted to be inserted into each of the connecting 
dents and a thin-wall tube portion which has an 
outer diameter smaller than that of the thick-wall 

50 tube portion and is provided next to the thick-wall 
tube portion away from the flange. The thin-wall 
tube portion is caulked with its outer periphery 
bending towards one side surface of the connect- 
ing portion to form a caulked flange such that the 

55 outer periphery holds the above-described one 
side surface of the connecting portion. 

According to another aspect of the present 
invention, there is provided a floating type brake 
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disc assembly which comprises: a hub; an annular 
disc which is disposed around the hub, the hub 
and the annular disc having plural sets of connect- 
ing dents; a pin which has a shaft portion on one 
side along the pin and a flange provided on one 
end of the shaft portion, the pin being adapted to 
be inserted into each set of the connecting dents; 
and a coned disc spring and a washer which are 
mounted on an opposite end of the shaft portion. 
The hub and the disc are thus held together in a 
pinched manner, when assembled, by the flange, 
the coned disc spring and the washer. The length 
of the shaft portion is set larger than a sum of a 
thickness of the hub or the disc and a height of the 
coned disc spring under no-load condition. The 
washer has an annular projection projecting to- 
wards the coned disc spring. The inner diameter of 
the annular projection is larger than an outer diam- 
eter of the shaft portion. The washer is fixedly 
seated, when assembled, onto an axially outer end 
of the opposite end of the shaft portion such that 
the annular projection presses the coned disc 
spring. 

According to still another aspect of the present 
invention, there is provided a floating type brake 
disc assembly which comprises: a hub; an annular 
disc which is disposed around the hub, the hub 
and the disc having plural sets of connecting dents; 
a pin which has a shaft portion on one side along 
the pin and a flange provided on one end of the 
shaft portion, the pin being adapted to be inserted 
into each set of the connecting dents; a washer 
which is fixed to that end of the pin which is away 
from the flange; a spring which pressingly contacts 
a side surface of the hub and the disc, respec- 
tively, thereby holding, when assembled, the hub 
and the disc in a pinching manner by the flange, 
the washer and the spring; wherein the spring is 
disposed on the side of the flange of the pin. 

According to the above-described one aspect 
of the present invention, the thin-wall tube portion 
on one end of the hollow pin is easily deformed at 
the time of caulking into a disc-like flange. This 
deforming does not substantially extend to or affect 
the thick-wall tube portion. Therefore, the thick-wall 
tube portion can be maintained in the shape and 
dimensions which correspond to the connecting 
dents. The flange obtained by caulking the thin-wall 
tube portion directly or indirectly abuts one side 
surface of the connecting portion of the hub and 
the disc. A lateral deviation or movement of the 
hub and the disk relative to each other is therefore 
prevented. 

According to the above-described another as- 
pect of the present invention, when the coned disc 
spring is fitted onto the pin at the time of assem- 
bling, since the upper or the inner end of the coned 
disc spring is positioned axially inward of the 



stepped portion or does not axially protrude be- 
yond the stepped portion, the coned disc spring 
will not deviate or move in its position. Therefore, 
after the washer has been caulked, a predeter- 

5 mined set load is generated by the push with the 
annular projection. 

According to still another aspect of the present 
invention, the deviation of the spring is prevented 
by the pin. The wear on the side surfaces of the 

w hub and the disc by the spring can be prevented 
by a protection washer. Therefore, the amount of 
compression of the spring does not vary and con- 
sequently the variation in the set load can be 
prevented. 

75 

BRIEF EXPLANATION OF THE DRAWINGS 

The above and other objects and the attendant 
advantages of the present invention will become 
20 readily apparent by reference to the following de- 
tailed description when considered in conjunction 
with the accompanying drawings wherein: 

Fig. 1 is a partial front view of a floating type 
brake disc assembly of a first embodying exam- 
25 pie according to the present invention; 

Fig. 2 is a vertical sectional view of a pin to be 
used therein; 

Fig. 3 is a vertical sectional view of an important 
portion of the first embodying example; 
30 Fig. 4 is a partial vertical sectional view of a 
caulked flange; 

Fig. 5 is a vertical sectional view of a second 
embodying example of the present invention; 
Fig. 6 is a vertical sectional view of a third 

35 embodying example of the present invention; 

Fig. 7 is a partial front view of a fourth embody- 
ing example of the present invention; 
Figs. 8(a) and 8(b) are vertical sectional views 
thereof, in which Fig. 8(a) shows a condition 

40 before caulking of the pin and Fig. 8(b) shows a 
condition after caulking of the pin; 
Fig. 9 is a vertical sectional view of a fifth 
embodying example of the present invention; 
Fig. 10 is a vertical sectional view of a sixth 

45 embodying example of the present invention; 

Figs. 11(a) and 11(b) are vertical sectional views 
of an important portion of a conventional brake 
disc assembly, wherein Fig. 11(a) shows a con- 
dition before caulking of the pin and Fig. 11(b) 

so shows a condition after caulking of the pin; 

Figs. 12(a) through 12(c) are vertical sectional 
views of another conventional brake disc assem- 
bly, wherein Fig. 12(a) shows a correct condition 
of assembling and Figs. 12(b) and 12(c) show 

55 incorrect condition of assembling; and 

Fig. 13 is a vertical sectional view of still another 
conventional brake disc assembly. 
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BEST MODE FOR EMBODYING THE INVENTION 

Figs. 1 through 4 show a first embodying ex- 
ample of a floating type brake disc assembly ac- 
cording to the present invention. In Fig. 1 numeral 
1 denotes a floating type brake disk assembly, 
numeral 2 denotes a hub and numeral 3 denotes a 
ring-like or annular disc for applying thereto a brak- 
ing force. On both sides of the disc 3, there are 
provided friction surfaces 3a with which brake pads 
come into contact. The hub 2 and the disc 3 are 
disposed concentrically to each other. In order to 
allow for thermal distortion of the disc 3 at the time 
of braking, there is provided a small clearance 4 
between the hub 2 and the disc 3. Along the 
clearance 4 there is provided a connecting portion 
5 of the same thickness. The connecting portion 5 
is provided with plural sets of semicircular connect- 
ing recesses or dents 6, 7 which face each other in 
the radial direction so as to fixedly receive in each 
of them a hollow pin 8. 

The hollow pin 8 has, as shown in Figs. 2 and 
3, a central hole 9, a flange 10, a thick-wall tube 
portion 11 and a thin-wall tube portion 12. A 
stepped portion 13 is formed between the two tube 
portions 11, 12, and a rounded or arcuate portion 
14 is formed on a periphery of an external end of 
the thin-wall tube portion 12. This hollow pin 8 is 
inserted into each set of the connecting recesses 
6, 7 with a coned disc spring 15 being fitted in 
contact with the flange 10. The thin-wall tube por- 
tion 12 is caulked into an arc in cross-section to 
form a caulked flange 16. In the outer periphery 
16a of the caulked flange the arcuate portion 14 
which will then be positioned in an inner side of the 
caulked flange 16 is in contact with one side sur- 
face of the connecting portion 5. 

The height hi of the thick-wall tube portion 1 1 
of the above-described pin 8 is arranged to be 
approximately equal to the sum of the thickness ti 
of the connecting portion 5 and the height h, after 
mounting or fitting, of the coned disc spring 15. 
The height h2 of the thin-wall tube portion 12 is 
arranged to be slightly larger than the width W of 
the caulked flange 16 to be formed after caulking, 
the width W being attained as a result of shrinkage 
by caulking. This width W is made to be approxi- 
mately equal to the width of the flange 10 on the 
outer or the other end of the pin 8. 

The thin-wall tube portion 12 is bent at the time 
of caulking from above the stepped portion 13, as 
shown in Fig. 4. Though a portion 17 in which the 
tube wall is pushed or moved sideways to be 
increased in thickness is formed near the stepped 
portion 13, the above-described portion 17 will not 
protrude or project out of the outer diameter of the 
thick-wall tube portion 11 because the thin-wall 
tube portion 12 is smaller in diameter than the 



outer diameter of the thick-wall tube portion 11. As 
a result, the connecting dents 6, 7 are brought into 
contact only with the cylindrical external periphery 
of the thick-wall tube portion 11. Therefore, the 

5 braking torque is equally transmitted through the 
thick-wall tube portion 1 1 of each pin 8. The lateral 
deviation (i.e., the deviation in the axial direction of 
the pin) of the hub 2 and the disc 3 relative to each 
other is restricted by the coned disc spring 15 and 

w the caulked flange 16. 

In the above-described first embodying exam- 
ple, the part to be auxiliary to the hollow pin 8 is 
only the coned disc spring 15. However, as in a 
second embodying example shown in Fig. 5, a 

75 protection washer 18 which is made of a thin 
metallic or steel plate and is not of a fixing con- 
struction may also be interposed on a surface of 
contact of the coned disc spring 15 with the con- 
necting portion 5. In this manner, the surface of the 

20 contact portion can be prevented from being 
scored or scratched by the coned disc spring 15. 

If there is a possibility that the scoring may 
take place on the side of the caulked flange 16, the 
protection washer 18 may be interposed on the 

25 side of the caulked flange 16 as shown in a third 
embodying example in Fig. 6. 

In the above-described examples, the thin-wall 
tube portion 12 is formed by decreasing the outer 
diameter of the thin-wall tube portion 12. However, 

30 this thin-wall tube portion 12 may also be formed 
by enlarging the inner diameter thereof, aside from 
reducing the outer diameter thereof. 

A fourth embodying example will now be ex- 
plained with reference to Figs. 7, 8(a) and 8(b). In 

35 these Figures the same or equivalent parts as 
those in Figs. 1 through 6 are referred to by the 
same reference numerals and their explanations 
are avoided. In this embodying example, the hub 2 
and the disc 3 are connected by a pin 20 which is 

40 inserted into each set of recesses 6, 7 so as to be 
slightly movable in the axial direction relative to 
each other. Further, the hub 2 and the disc 3 are 
prevented from giving rise to clattering by giving a 
resistance to the relative movement of the two 

45 members by means of the coned disc spring 15 
which is held by the pin 20. 

In each pin 20 there is formed, as shown in 
Fig. 8(a), a flange 20b on one end of a shaft or 
shank portion 20a. A stepped portion 20c and a 

50 small-diameter portion 20d are provided on the 
opposite end (or the end away from the flange 20b) 
of the pin 20. Suppose that the thickness of the 
hub 2 and the disc 3 is T and the height of the 
coned disc spring 15 in no-load condition is H, the 

55 length L of the shaft portion is set to be above T + 
H. The portion on the side of the hole (i.e., the 
inner end of the hole) of the coned disc spring 15 
is thus prevented from riding or stepping over the 
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stepped portion 20 by lateral deviation or moving 
of the coned disc spring 15. 

In a position which is outside the outer periph- 
ery of the shaft portion 20a of the pin 20, a washer 
20 is provided with a concentric annular projecting 
portion 21a which projects towards the side of the 
coned disc spring 15. The amount of step or pro- 
jection of the projecting portion 21a is set to be 
equal to such a height as will give rise to a pre- 
determined pressure by pressing the coned disc 
spring 15 when the washer 21 is seated on the 
stepped portion 20c. 

The coned disc spring 15 and the washer 21 
are fitted onto the pin 20 which is inserted into 
each set of the dents 6, 7 and, as shown in Fig. 8- 
(b), the small-diameter tube portion 20d is caulked. 
Thus, the coned disc spring 15 is pressurized by 
the projecting portion 21a to thereby give rise to a 
predetermined set pressure. As long as the center 
hole 15a of the coned disc spring 15 is fitted onto 
the shaft portion 20a of the pin 20 at the time of 
assembling, the coned disc spring 15 is prevented 
by the shaft portion 20a from moving sideways. 

When the hub is made of a material which is 
likely to be subject to wear such as aluminum, a 
protection washer 18 having a high wear resistivity 
is interposed, as shown in Fig. 9, between one side 
surface of the hub 2 and the disc 3 and the coned 
disc spring 15 to thereby prevent the scratching or 
scoring especially of the surface of the hub, as well 
as the surface of the disc, by the coned disc spring 
20c. In this case, the height of the coned disc 
spring 15 in an uncompressed condition is set to 
be such the upper or the inner end thereof is 
positioned substantially below the stepped portion 
20c. 

A sixth embodying example as shown in Fig. 
10 is to prevent the lateral deviation or movement 
of the coned disc spring 15 by another arrange- 
ment. The coned disc spring 15 is disposed on the 
side of the flange 20b of the pin 20. The hub 2 and 
the disk 3 are pressed or urged via the protection 
washer 18. In assembling, the coned disc spring 15 
and the protection washer 18 are first fitted onto 
the pin 20. Then, the pin 20 is inserted into each of 
the dents 6, 7 and the washer 21 is fitted onto the 
small-diameter portion 20d of the pin 20. The 
small-diameter portion 20d is thereafter caulked to 
thereby completing the assembly. 

In this embodiment, not only the coned disc 
spring 15 but also the protection washer 18 are 
disposed on the side of the flange 20b of the pin 
20. Therefore, there is no possibility that the coned 
disc spring 15 is wrongly caulked onto the stepped 
portion 20c. 

In any of the above embodiments, a waved 
spring made by giving twisting or waving to a ring 
may also be used in place of the coned disc spring 



15. 

As described above, according to the first as- 
pect of the present invention, since the thin-wall 
tube portion having a reduced outer diameter is 

5 provided on a front side of the thick-wall tube 
portion of the hollow pin and the thin-wall tube 
portion is then caulked, there are the following 
advantages. Namely, caulking can be made easily 
and the portion in which the tube wall is pushed or 

w moved sideways to be increased in thickness at 
the bottom of the thin-wall tube portion will not 
protrude out of the outer diameter of the thick-wall 
tube portion. Therefore, the contact between the 
outer periphery of the thick-wall tube portion and 

is the connecting dents of the hub and the disc is 
made correctly and, as a result, the torque is 
evenly distributed or borne by each of the hollow 
pins. Further, since the caulked flange formed by 
caulking the thin-wall tube portion supports or 

20 holds one side surface of the hub and the disc, a 
fixing washer can be deleted, with the result that 
the number of parts and the cost can be reduced. 

According to another aspect of the present 
invention, since the coned disc spring is construct- 

25 ed such that the height of the central hole does not 
reach or protrude beyond the stepped portion of 
the pin in no-load condition, there is no possibility 
that, at the time of caulking, the coned disc spring 
is wrongly pinched onto the stepped portion. The 

30 assembly can therefore be carried out while main- 
taining the correct set load. 

According to still another aspect of the present 
invention, since the coned disc spring is disposed 
on the side of the flange of the pin, almost the 

35 same effect as above can be obtained. 

According to still further aspect of the inven- 
tion, since the protection washer can prevent the 
side surface of the hub and the disc respectively 
from being scratched or scored by the edge of the 

40 hard spring, there is an advantage in that the 
change in load characteristics of the spring due to 
the wear can be prevented. Further, even if friction 
heat may occur at the time of braking, the protec- 
tion washer can prevent the friction heat from being 

45 directly transmitted to the spring. The rise in tem- 
perature of the spring is therefore smaller. The 
change in set load characteristics of the spring due 
to the change in spring characteristics can thus be 
prevented. 

50 

Claims 

1. A floating type brake disc assembly compris- 
ing: 

55 a hub (2); 

an annular disc (3) which is concentrically 
disposed around said hub (2), said hub (2) and 
said disc (3) having plural sets of connecting 
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dents (6, 7) each set of which is opposingly 
provided in a connecting portion (5) of said 
hub (2) and said disc (3); and 

a hollow pin (8) which has a flange (10) on 
one end thereof and is inserted into each set 5 
of said connecting dents (6, 7) such that said 
hub (2) and said disc (3) are connected to- 
gether while allowing for a slight floating move- 
ment therebetween; characterized in: 

that said hollow pin (8) has a thick-wall w 
tube portion (11) which lies next to said flange 
(10) and is adapted to be inserted into each 
set of said connecting dents (6, 7) and a thin- 
wall tube portion (12) which has an outer diam- 
eter smaller than that of said thick-wall tube 75 
portion (11) and is provided next to said thick- 
wall tube portion (11) away from said flange 
(10); and 

that said thin-wall tube portion (12) is 
caulked with its outer periphery (16a) bending 20 
towards one side surface of said connecting 
portion (5) to form a caulked flange (16a) such 
that said outer periphery (16a) holds said one 
side surface of said connecting portion (5). 

25 

2. A floating type brake disc assembly according 
to claim 1, further comprising a coned disc 
spring (15) which is fitted onto said thick-wall 

tube portion (11) so as to press an opposite 7. 
side surface of said connecting portion (5). 30 

3. A floating type brake disc assembly according 
to claim 1, wherein that side surface of said 
outer periphery (16a) of said caulked flange 

(16) which pressingly contacts said one side 35 
surface of said connecting portion (5) is ar- 
cuate. 

4. A floating type brake disc assembly according 

to claim 2, further comprising a protection 40 
washer (18) which is interposed between said 
coned disc spring (15) and said opposite side 
surface of said connecting portion (5). 

5. A floating type brake disc assembly according 45 
to claim 2, further comprising a protection 
washer (18) which is interposed between said 
caulked flange (16) and said one side surface 

of said connecting portion (5). 

50 

6. A floating type brake disc assembly compris- 
ing: 

a hub (2); 

an annular disc (3) which is disposed ar- 
ound said hub (2), said hub (2) and said an- 55 8. 
nular disc (3) having plural sets of connecting 
dents (6, 7); 

a pin (20) which has a shaft portion (20a) 



on one side along said pin (20) and a flange 
(20b) provided on one end of said shaft portion 
(20a), said pin (20) being adapted to be in- 
serted into each set of said connecting dents 
(6, 7); and 

a coned disc spring (15) and a washer (21) 
which are mounted on an opposite end of said 
shaft portion (20a), whereby said hub (2) and 
said disc (3) are held together in a pinched 
manner, when assembled, by said flange 
(20b), said coned disc spring (15) and said 
washer (21); 
characterized in: 

that a length of said shaft portion (20a) is 
set larger than a sum of a thickness (ti ) of said 
hub (2) or said disc (3) and a height (t 2 ) of said 
coned disc spring (15) under no-load condition; 
and 

that said washer (21) has an annular pro- 
jection projecting towards said coned disc 
spring (15), an inner diameter of said annular 
projection being larger than an outer diameter 
of said shaft portion (20a), said washer (21) 
being fixedly seated, when assembled, onto an 
axially outer end of said opposite end of said 
shaft portion (20a) such that said annular pro- 
jection presses said coned disc spring (15). 

A floating type brake disc assembly compris- 
ing: 

a hub (2); 

an annular disc (3) which is disposed ar- 
ound said hub (2), said hub (2) and said disc 
(3) having plural sets of connecting dents (6, 
7); 

a pin (20) which has a shaft portion (20a) 
on one side along said pin (20) and a flange 
(20b) provided on one end of said shaft portion 
(20a), said pin (20) being adapted to be in- 
serted into each set of said connecting dents 
(6,7); 

a washer (21) which is fixed to that end of 
said pin (20) which is away from said flange 
(20b); and 

a spring (15) which pressingly contacts a 
side surface of said hub (2) and said disc (3) 
respectively, thereby holding, when assem- 
bled, said hub (2) and said disc (3) in a pinch- 
ing manner by said flange (20b), said washer 
(21) and said spring; 
characterized in: 

that said spring (15) is disposed on the 
side of said flange (20b) of said pin (20). 

A floating type brake disc assembly according 
to claim 6 or 7, wherein a protection washer 
(18) is interposed between said spring (15) and 
said side surface of said hub (2) and said disc 
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(3), respectively. 
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FIG. 7 
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FIG. 9 




FIG.10 




FIG.11(a) 
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FIG. 12(a) . 




FIG. 12(b) FIG. 12(c) 




FIG. 13 
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